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The regulation of oscillatory LUNATIC FRINGE protein
activity during somitogenesis
Emily T. Shifley, Susan E. Cole
Department of Molecular Genetics, The Ohio State University,
Columbus OH, USA
Somitogenesis is the morphological hallmark of vertebrate
segmentation. Somites bud off the presomitic mesoderm (PSM)
in a sequential, periodic fashion that is regulated in part by a
segmentation clock. The Notch pathway plays an important
role in this clock and oscillatory Notch activation is seen in the
PSM during somitogenesis. Lunatic fringe (Lfng) encodes a
glycosyltransferase that modifies Notch, and both its mRNA
and protein levels cycle in the PSM, linking it to the
segmentation clock. In the cell, LFNG protein localizes to
the Golgi and modifies the Notch receptor. Unusually, it then
undergoes proteolytic cleavage and is released into the
extracellular space where it appears to be inactive. We
hypothesize that cyclic LFNG activity is regulated by this
cleavage/release from the Golgi, producing a short intracellular
half-life, consistent with the rapid oscillation of the clock. This
would represent a unique mechanism for the regulation of
Notch activity, allowing tight temporal and spatial modulation
of Notch signaling. To test this hypothesis, we have mutated
the LFNG protein to prevent or alter its cleavage and release
from the Golgi. We have demonstrated that LFNG can be
tethered in the Golgi, which we propose creates a hyperactive
LFNG with a long half-life in the cell. Targeted mutation has
been used to introduce these alterations into the endogenous
Lfng locus of ES cells and cell lines. This will allow us to
examine the effects of altered LFNG processing on oscillatory
Notch signaling, the segmentation clock and somitogenesis.
doi:10.1016/j.ydbio.2006.04.373
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BMP signaling in the epiblast is required for proper
recruitment of the prospective paraxial mesoderm and
development of somites
Shigeto Miura 1, Shannon Davis 2, John Klingensmith 2,
Yuji Mishina 1
1 Laboratory of Reproductive and Developmental Toxicology,
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Triangle Park, NC, USA
2 Department of Cell Biology, Duke University Medical Center,
Durham, NC, USA
Bmpr1a encodes the BMP type IA receptor for bone
morphogenetic proteins (BMPs), including 2 and 4. Here, we
use mosaic inactivation of Bmpr1a in the epiblast of the mouse
embryo (Bmpr-MORE embryos) to assess functions of the gene
in mesoderm development. Unlike Bmpr1a null embryos that
fail to gastrulate, Bmpr-MORE embryos initiate this process,
but the recruitment of prospective paraxial mesoderm cells to
the primitive streak is delayed. This delay causes a more
proximal distribution of cells with paraxial mesoderm character
within the primitive streak, resulting in a lateral expansion of
somitic mesoderm to form multiple columns. Inhibition of FGF
signaling restores the normal timing of recruitment of prospec-
tive paraxial mesoderm and partially rescues the development
of somites. This suggests that BMP and FGF signaling function
antagonistically during paraxial mesoderm development.
doi:10.1016/j.ydbio.2006.04.374
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The role of geminin in post-implantation mouse embryos
and embryonic stem cells
Lisa S. De Boer, Derrick Yang, Theresa E. Gratsch,
K. Sue O’Shea
University of Michigan, Ann Arbor, USA
The factors that promote neural identity and maintain BMP
inhibition during the transition from induction to neural
differentiation in the early embryo are largely unknown. We
have examined the role of the bi-functional geminin molecule in
neural induction and differentiation in the mouse embryo and ES
cells using shRNA and overexpression. Geminin is unique
because it both transcriptionally suppresses BMPs, while its C-
terminal domain controls DNA replication and axial patterning.
Geminin is not endogenously expressed in ES cells, but
expression is strongly induced by noggin and chordin. Geminin
is therefore ideally placed to both maintain BMP inhibition
required for neural induction and to control cell-cycle progres-
sion during neural differentiation. When shRNAs to geminin
were delivered to pregnant dams, resulting embryos were
characterized by expanded endodermal tissues (node and body
wall) and by characteristic midbrain defects and axis anomalies
when examined on E8.5. Parallel studies are being carried out in
human ES and mouse ES cells transfected with shRNAs and
using an inducible ES cell line to overexpress geminin. QRT-
PCR and immunohistochemistry analysis was carried out to
confirm knock-down and changes in gene expression of
positional markers in both targeted and control embryos and
cells. Studies are also in progress to analyze transgenic and null
embryos. Taken together, geminin appears to play a unique role
in controlling early neural differentiation and axis patterning
during development. NIH 039438.
doi:10.1016/j.ydbio.2006.04.375
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Cephalic neural tube closure requires BMP2 expression
Trisha Castranio, Yuji Mishina
Laboratory of Reproductive and Developmental Toxicology,
National Institute of Environmental Health Sciences, National
Institute of Health, Research Triangle Park, NC, USA
Neural tube defects continue to perplex the scientific
community. The developing neural tube requires gene
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expression that supports dorsal–ventral patterning within the
neural tube as well as proliferation and differentiation.
Cephalic neural tube development differs in that gene
expression supports synchronistically the closing neural tube
with optic invagination and segmental organization of the
brain. BMPs have been shown to play a role in neural tube
development particularly as dorsalizing factors with well-
established expression patterns in the surface ectoderm near
the dorsal portion of the neural tube. Analysis of BMP2
chimeras generated from BMP2 null ES cells injected to wild
type blastocysts revealed that embryos display both open and
closed neural tube defects in the cephalic region. Exclusion of
BMP2 null ES cells from the dorsal portion of the neural tube
did not always prevent defects. Together with the morpho-
logical and molecular analysis of heterozygous and homozy-
gous null BMP2 embryos, our results indicate that BMP2 is
required for normal cephalic neural tube closure and future
brain development.
doi:10.1016/j.ydbio.2006.04.376
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BMP and nodal signaling act synergistically in mammalian
rostral patterning
Yu-Ping Yang, Ryan Anderson, John Klingensmith
Department. of Cell Biology, Duke University Medical Center,
USA
Holoprosencephaly (HPE) is a common and often lethal
syndrome of forebrain and craniofacial midline defects. The
molecular and cellular causes of HPE are poorly understood;
however, mutations in the Shh and Nodal signaling pathways
have been associated with HPE both in human and mice. In
mouse, genetic reduction of antagonists of Bone Morphoge-
netic Protein (BMP) signaling also results in HPE. Based on
the inheritance patterns of human HPE, we hypothesize HPE
often results from compromises of independent loci or
developmental pathways. We use mouse mutations to explore
the effect of elevated BMP signaling with compromised
Nodal signaling on early head development. We found that
embryos with mutations in Nodal and the BMP antagonist
Chordin exhibit HPE at moderate penetrance. To test whether
this synergistic phenotype was a result of reduced Nodal
signaling and BMP antagonism, we prepared an analogous
double mutants bearing mutations affecting the same path-
ways: mutants for a downstream mediator of Nodal signaling,
Smad3, and a second BMP antagonist, Noggin. Nog;Smad3
mutants showed severe HPE at about 50% penetrance.
Affected Chrd;Nodal and Nog;Smad3 embryos show a loss
of Shh and Goosecoid expression in midline of ventral
forebrain, suggesting defects in the prechordal plate. Defects
in rostroventral foregut was revealed by loss of Hex
expression. These data indicate that Nodal and BMP
antagonism act synergistically in patterning the ventral head
and foregut, supported by additional molecular data. They
also suggest that human birth defects of the forebrain and
facial midline can result from patterning errors that occur
during early gastrulation.
doi:10.1016/j.ydbio.2006.04.377
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Characterization of a novel gene expressed exclusively in
the zone of polarizing activity in the vertebrate limb
Brian D. Harfe, Jason R. Rock
University of Florida, Gainesville, FL, USA
Classical experiments identified the zone of polarizing
activity (ZPA) as being responsible for patterning the ante-
roposterior limb axis. Subsequent experiments determined that
Shh is responsible for the polarizing activity associated with this
region of the developing limb. To date, Shh is the only gene
known to be expressed exclusively in the ZPA in the limb. To
identify other genes expressed in the ZPA, we took advantage of
a transgenic mouse allele in which we had inserted GFP into the
Shh locus. Embryos with this transgene expressed GFP in all
cells that normally express Shh. Cells expressing Shh were cell
sorted from E10.5 limbs and labeled complementary RNAs
from GFP-positive (the ZPA) and GFP-negative cell popula-
tions were hybridized to Affymetrix GeneChips. Analysis of the
data revealed that Shh and 15 other genes were expressed at
higher levels in the ZPA. One of these genes, an uncharacterized
EST with 8 transmembrane domains, was analyzed further. We
have provisionally named this gene TM1.Whole mount RNA in
situ hybridization revealed that TM1 is expressed in the ZPA
prior to Shh. It then is co-expressed with Shh during limb
development. No other expression is found in the limb. TM1 is
a member of a family of transmembrane proteins that share no
similarity to any of the known transmembrane proteins
functioning in the Shh-signaling pathway. RNA in situ
hybridization analysis of TM1 expression in mutant mouse
embryos suggests that Fgf-signaling is necessary for normal
TM1 expression, but Shh is not. We have recently constructed a
mouse containing a TM1 null allele. The analysis of TM1 loss-
of-function mice will be presented.
doi:10.1016/j.ydbio.2006.04.378
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Ndst1 is required for FGF signaling in early lens
development
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